I. INTRODUCTION
,, Small angle neutronscattering (SANS) is an essential tool for the investigation :of .structural and dynamical properties of condensed matter. Almost any fluctuation in composition, density or magnetisation on a scale between 5 and 5000A can be detected by this method $11. Measurements are usually cap-ied out with large area position sensitive detectors. This allows an efficient exploit'ation of the expensive beam-time by a simultaneous meas'urement of the total scattering regime.
At future neutron facilities, like the research reactor FRM-I1
[2] or the European Spallation Source ESS [3] , S A N S will obtain a major improvement. The much higher neutron fluxes will lead to an intensity gain of at least one order of magnitude for S A N S instruments, allowing a more detailed study of complex structures and fast processes. As these intensities are expected to exceed the counting capab commonly used two-dimensional detectors, a strong emphasis on the development of new detector systems is required. This paper describes the design of a new detector system for the SANS-diffractometer KWS1 at the research reactor FRJ-2 of the Forschungszentrum ch, which is carried out in -the JuDiDt project (Juelicher Digital Detector Readout System).. At KWSI, a position sensitive detector [4] is successfully used for over 15 years now. However, after an installation of advanced neutron guides, there are now higher intensities available leading to saturation effects of the detector at counting'rates ahove 10 kHz. The limiting factor of this detector is the readout Flectronics.' Due to an analog based calculation of the neutron position, large shaping times of the analog signals were required, resulting in ;tn electronical dead time of about lops. Thus, in order to take advantage of the higher neutron intensities, the electronics branch has been completely revised for the new detector. The new design comprises a fast signal and data processing by usage of modem technologies like Field Programmable Gate Arrays (FPGA) and Digital Signal Processors (DSP). Additionally, a new reconstruction method will be used, which aims at an enlarged and more homogeneous position reconstruction. As it is envisaged to use this system also later at FRM-11, it must be able to cope with counting rates of several hundred kHz.
DETECTOR
The basic concept of-the new detector frontend is very similar to that of the existing KWS-I detector and is based on the principle of an Anger camera [5] (Fig. 1) . A eLi-glass scintillator doped with Ce as an activator is used for the detection of neutrons via the nuclear reaction n + 'Li + 3 H + a + 4.78MeV ' ,
reflecting powder in order to increase the fraction of the emitted to be essential that the signal and data processing performance +,photons, which reach the photo cathode of the PMTs. There is adopted for an utilization at future neutron sources. In fact, are about 400 photoelectrons expected in the PMTs per neutron , there are already plans to move the whole installation later to the capture. The air gap-between scintillator and light disperser new FRM-11 reactor in ,Miinchen. Because there, the counting is to produce a critical angle beyond which light undergoes rates in SANS frequently can reach the 1 MHz range, an overall total internal reflection, Thus the light received by the PMTs is electronical dead time of about Ips is required for the new limited to a cone, which diameter on*the PMT-plane depends ,system. A fast readout electronics with a parallel signal and linearly on the disperser thickness. The simulation showed that data processing is seen to address this problem in an appropriate the disperser thickness influencef,the liyearity and resolution of way. , the detector. With increasing thickness the linearity improves
The electronics design is shown in figure 2. 4s mechanical while the reiolution becomes worse. The yptimal thickness is assembly it utilizes a single 6U ly, VMEZcrate, which -10% less than the separation of adjaceniPMTs. As there is an has been equipped with partly overlapping bus systems on array of 8x8 photomultiplier tubes'with 3inch diameter used the backplane. There is a private bus with CpCI connectors, for light detection, the separation between adjacent PMTs has used for transfer of analog signals and board synchronisation, been choosen to 83mm, resulting in a disperser thickness of a modified VME bus (~v M E ) for a fast data transfer of up to 75mm.'.Then the light con6-p;oducedby a neutron event covers 80 m y t e s I s and a standqd CompacpCI busG(CPCI) for Jhe implemented according8 t9 the different steps in signal and data 8mm are to be achieved. '' .
, Detector signals are first amplifiedaby preamplifiers. Each of the anodes of the 64 PMTs is connected to its preamplifier which is mounted close to the detector. The signals are then put on the analog board, which is to filter and amplify the preamplifier signals. An analog board contains the main shaping amplifiers for 16 PMT channels. In order to achieve a sufficient signal to noise ratio, the PMT signals will be differentiated and integrated to retrieve amplified unipolar TI,,
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Signals are then fed to the <ADC/FPGA board, which has the task of signal digitalization and event triggering.
clocks have to be synchronized In order to avoid eiectronicd time displacements. This is done via the private bus. An such a level at the end of tfie pulse, they should largely redd&--the misinterpretation of noise and the occurrence of pile-up effects. Once a peak has b2en recognized, a signal is emitted to --the mVME buson which all FPGAs on different boards write their current values into the FIFO. Up to 800, events can be buffered in the FIFOs, which allows,for an averaging of load distribution. Programming of the FPGA can be performed via a CAN bus interface: whiqh allows for a switching between different operating modes.
For further data processing, two types of DSP-boards with mixed VME and CompactPC1 interfaces are used. The first type, the so-called Local Bus Controller (LBC), contains a single DSP (TMS320 C6201), which is to control the data flow.
On the second board type, there are four floating-point DSPs (TMS320 C6701),,.which are to be used for the reconstruction 'of the event position. Up to four of such boards may be -inserted in the system in order to provide sufficient computing power-for position reconstruction. In case of svalid event, the LBC gets the signal from the corresponding FPGA, looks up a free DSP and instructs it to read the data out of the FPGA FIFO-buffers via the modified VME'bus. There, the position of the event is calculated and the belonging histogramming memory position 1s incremented. Accumulated data may then be acceslsed from the host CPU.
Iv. POSITION RECONSTRUCTION .
In the 'reconspction the position of the neutron event is calculated from the 64 PMT signals. But that is only possible in a restricted way, becauke the PMT signals fluctuate stochastically around their expectation values and are therefore not a definite function of the' position. Custom methods, like Center-of-Gravity (COG) determination, show for detectors of this type of construction strong inhomogenities, which are not tolerable for a precise reconstruction of the position. Figure  4' shows the result ofs a detector simulation, which created a uniform distribution of events over the whole detector area. Especially at the edges of1 the detector and in the middle between the PMTs there are considerable non-hnearities, which might be corrected.
In order to avoid such shortcomings, a new reconstruction method hasbeen derived. It is based on a lookup of the event -position with the -maximum likelihood, which is described by the probability sum
whereas P3 denotes the probability to find the PMT-signal S, which has the expectation value E,. The P, are Poisson distributions with-a peak behaviour at S, = Ell They may by the light'cone (see figure 3) . The scale-factor y has been introduced to ensure that only the rela$v values are considered in the minimum search. It reflects the fraction of the signal sum to the sum of expectation values and has to be computed for each query. In order to restrict .the search .on a limited query, there are only discrete eyent positions permitted. For an expected resolution of 8mm, a division of the whole detector into 128 channels,in each dimension seems to be appTopriate.
The expectation values of ihe PM?; signals for each of these channels can then either be calculated by a simulation or the whole detector.
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In the DSP the position reconstruction IS carried out by a two step process. At first the coarse address of the event is determined by .finding the box of 9 photomultipliers with the highest signal amount and the subsequent calculation of the center-of-gravity position. The ,corresponding channel then serves as the starting point for the maximum likelihood search. In an iteration the deviations of the neighbouring channels are calculated and the channel with the smallest value serves as the starting point for the next iteration. The procedure stops either by finding the minimum valbe ors by Teaching the maximum value of allowed iteration, which has to be introduced due to the maximum time limit. Figure 5 shows the result of a simulation, carried out with the same data as above for the COG method.
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measured by a step-wise movement of a neutron source over By comparison of the two results, I! IS obvious, that the maximum-likelihood method delivers a mbre homogeneous detector response than the COG-calculation.
The nonlinearities. of the COG position determination, ! which are For this purpose, pulse heights spectra are simultaneously taken for each PMT during measurements. Care must be taken, because of the gaussian form of the light intensity on the PMT plane. In order to get narrow spectra, only the highest PMT signal value of an event is inserted, which corresponds to the +PMT next to the event. After measurements, one'can then obtain a matching of average pulse heights of all PMTs by changing their high voltages.
VII. CONCLUSION
The design of a new position sensitive'detector system for small angle neutron scattering experiments has been described. It is based on a scintillation dete'ctor equipped, with' modem readout electronics. The3 strength of the design i s a fast I , Figure 5 . Reconstruction results with Maximum-Likelihood method5 due to undetected photons in the space between the PMTs, disappear in the maximum-likelihood reconstruction, because they are considered by the expectation values. This is particulary remarkable at the detector edges. WhileCOG has a reconstruction limit in the middle of the outermost PMTs, the maximum-likelihood method performs a linear reconstruction nearly upto the detector edges.
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, V. BACKGROUND SUPPRESSION Background radiation has to be Iconsidered for large area neutron detectors. One source is the high, energy cosmic radiation, which sums up to about 12-14 cm-2h-1 at the existing KWS-1 detector. Another source is the usually large 7-background, originating directly from the reactor or from act,wated material in the surrounding. It has an energy spectrum in the MeV range with a strong intensity increase at lower energies, Particulary at measurements with weak scattering samples, thls background. spoils the results, because of the sensitivity of the 'Li-scintillator for this radiation. Therefore,. it is mandatory to suppress it as far as possible.
For 'the: new detector system, 'background suppression is done in-two'stepk. At first, the large'amount of lower energy 7's as 'well as the high energy cosmic radiation is rejected b y applying appropriate lower and upper discnminator levels inside the FPGAs during' peak detection. The iecond' step is' then carried out in the reconstruction during Center-Of-Gravity finding. By calculation'of the pulse'height sum of an event one can accurately determine events, which pulse heigh!s are outkide the"radge 6f the neutron peak. Thus, in 'the very fiyt' step of reconstiuction one can filter out only those events, which are belonging to the neutron peak. This should lead to a y-r?tio in the order of per neutron.
VI. PMT STABILIZATION
A long ten% stability df the PMT gains is necessary for the previously described reconstruction method. As it is known that the gain of PMTs may drift in time with a rate in the order of percents per week;a stabilization unit is foreseen for the system (see figure 2) . It utilizes a gain adjustement by changing the PMT high voltage with a digital to analog converter. ' parallel signal and data proce'ssing b)'usage of FPGA and DSP technologies. It is expected to cope with intensities at future neutron facilities. Furthermore, a new reconstruction algorithm has been implemented, which is based on a' m'aximum likelihood calculation of the event' position. As simulation shows, it will improve the position reconstruction by delivering a more homogeneous detector response than commonly used
The detector system is currently in the construction phase. PMTs, disperser and scintillator amved and their local inhomogenities have been surveyd for later calibration purposes. Mounting of these components in the mechanical frame has also been finished. In electronics, first prototype boards have been designed and manufactured. 'They are now in the test phase. The desired algorithm for position reconstruction has been ported to the DSP platform and needs currently a computation time of about 20ps. This is already close to the required reconstruction speed, but still needs some optimization. Commissioning of the whole system is envisaged in the middle of 2001. 
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